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PROBLEM TO BE SOLVED: To provide a method for preparing a protein sample for 
the structural analysis suitable for the structural analysis of a protein.SOLUTION: 
This method for preparing a protein sample for the structural analysis comprises (i) 
reacting a protein with a compound containing a primary amino group by the action 
of a transglutaminase and/or (ii) reacting a protein with a peptide containing a 
glutamine residue by the action of a transglutaminase. 
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(54) [f89i©£*W S§jg^S*>/^SItmOiS$^fe 



(57) 

•&&Ck.. *5<ktf/3:fc«\ (ii) Y^VKPfrZ^-r 
— t?<£>fEffl tc * o T * St 1 5 >g!S£$t? 



(2) 



#^2 0 0 1-3 2 1 1.9 2 



[W^H 4] 1875 /a***^***^ HO+S/ 

y >mr 5 / x*;k r s / x* tf u s?** 
infers] ^* = ygS*#t^^KtfN-*;v 

[0 0 0 1] 
[0002] 

y * SI<DfcS?14*5 <fc tf *« ^ * * li 

a (Iwata, S. et al. (1995) Nature 376, 660. Shin 
zawa-Itoh, K. etal. (1995) J. Mol. Biol- 246, 57 

2.) KEtfmfzn, mmvuz&^nt. 

(AnglisterJ. et al. (1993) J. Biomol. NMR 3, 12 
1 Zhang, 0. et al. (1995) Biochemistry 34. 678 
4 ) fcHtffc*. Lft»Lfctf5* tn60*fr«*a* 



[0 0 0 31 «5Eb!Wrffl*>'^«*» < 0"«*Sttfc 
*.« X;l/*r:;V**y >»*©*Xfc* DJS»ttOlfil± 

»«H6HW<D'er«»iWV*»X"r * c t *> we** 

[ooo4]-^ h7yx^^t-tii *v>< 
^jto^y^-Hartt** y -*^^->75 vmvr 

«lcftffl£-£3££- (y-Glu) -Lys*lWftSfiJk 

.g^y, ^-X aJS. «^ /Ni *> y 

j£<WsnTV^ («fBBW64-27471) - HMtf* 

*tiK:(*ISIbfc«W • »«W)«HWi:v^ofc»»lc 

[000 5] 
[0 0 0 6] 



(3) 
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tf/£fctt* (ii) h7>^^^5t- t?©flMBtC«fc 
o T * ^ K ^ * 5 ySMt«*tr^^ K *Si6 

[0 0 0 7] 

&®&.tLx zy^tmoxDV ^yy%tM<D e -7 5. 

-Glu) -Lys^Jb^fig^nSo 
[0 0 0 8] h7>xy;^5t- 

z^ymm. V5?ymm*'3is2ywn*miszi3 

i!2ti h 7 yx i t-e^ffltS 1175/1 

Lfc i wr^/m^tsit^momwmt lt«\ t f 
□*y;i/75y, ifv-yy. v^y. mmmr^sx- 

'jyl757xf;K 757x^/-;K y-yy 

y* ?)\>z ^ etfrns-r * ^ ymm^ts^ 
ov^-rn*\ r 4 * (j^^ Kii, c*^r^y^x«7i< 

7"-- tr <DS« 3 IB D fc*sv»Tl#fc:!MIBttfcv*o ^4 
TtS L $01/ # 5 yn&^ts^-f J- F W\ * A/jflt > 
v>->*. 5'J7h>T;H, yyg?S©£d&S 
*JUlT?|jE»«nTl/>Tt.<J:<. Zr<DMftmt LXli, N- 
/j^^^vy^^-L-^Vl/^ 5;l/-^'J (N-carboben 
zoxy-L-glutamyl-glycine) (CBZ-Gln-GlyX N-^;!/^ 
V ^ 3/-L- ^1/ £ 5 7b- ^"7U * 5 y U -> y (N-carbob 
enzoxy-L-g 1 ut amy 1 -g 1 ut amy 1 -g 1 yc i ne) (CBZ-G 1 n-G 1 n-G 1 

y X N-AMXy^y-L-^u s/;l/-y y 

£ 5;I/-yy i^yCN-carbobenzoxy-L-glycyl-glycyl-glu 



tamyl-glycine) (CBZ-Gly-Cly-Gln-Gly) & H £ C 
[0 0 0 9] *«W©^rj*t:i3t>TME«i-r^#^>/<^ 

nthxit. Tjvrs.y, ^Ay^n^ux jfiriftsa 

MMt. mm. waaHoftsSESjssiasH? ; ^ey*^ 
■•mf*-^ vyfci3jy*£<DnMm®£Lm¥ 

5©* *oi**Hfe'fx »!&iE&5fc©fc© 

Sti:ft^y^^7lT*feoTtJ:v\ 
[ooio] h7yxW5t- felc^oT^fP^n 
3*y7^gte N i^Fffc:4>fc< £$>m<Dh5ry7>7 

c^-ess^-rsct^-etSo ^y^7gtfh7yx7" 

ffl*«H-« y;v^ ^ ymmxii u ^y^M^^mwm. 
mte&^xmx-tzz t^f&X'&Zo 
[ooi i] h7yx^5^ — -tfii lt«tj;u>"7 

FjflHS 6 4 - 2 7 4 7 1 ^IS#Mo ) ^^tf S £ £#7? 
Alf * 1 -5 0 3 8 2 f»im ) , H 

^7fy«f7yxw = t- tf (Phillips, m. 

A. et al. (1990) Proc. Natl. Acad. Sci. U.S.A. 87, 
9333.) , ^hJkWMMm^Xlll (Ichinose, A. et a 
1. (1990) Biochemistry 25, 6900.) s iPB^fOU^W 

*7k^¥^KJ 56tl25~132l, 1990 
m » 7J+**©fc©> Hfc^tfSC fctfT-t*.. ^© 

M¥ 1-300889 ^fg, llf 6-225775 

m±m, ftffi^ 7-23737 ^*#jsa 0 ) *m 

[0 0 12] ^Wlzl&WtKDh^yKtfll'Z if 



(4) 



ftM 2 0 0 1 - 3 2 1 1 9 2 



/V* B (WAtf , *WB 6 4-2 7 4 7 1 *t£fg 

• ^'U-tr^"*>'l'^ , i 7 ^ (Streptoverticill 
ium griseocarneum ) IFO 12776 , X h U7 b^?"^ 
U * ^"t ^^^i* (Streptoverticill ium cinnamon 
eum subsp. cinnamoneum ) IFO 12852 . XhWfb^ 
jV^-i^V ' t/^XVX (Streptoverticillium mo 
baraense) IFO 13819^t<lS3fc-r£ r- 

»a#K:aeft«-a:fca. 5 2 5 n moMt, =t<om 

JZWfc?** t(0*5K:l/Ti: Kn^i.ioi.k 0 * 
SSS^mSU 1 «MBK l M t/UO/vf Kn+it^- h 

£SnTVS»D 4-2747 1* 

COO l 3] *>/<*K©«IJfilB«ftttxa^L<tt'f 

^gco^-a-tt, NiKS'^7V©l2;*Hk*3l#jE£U ^ 

H\ O.lmM^Ojgja^^^^^H^^^ L 
< liO.SiiiM^cDiija©*^^*®^^^^' 1 ^ 

[0 0 14] * y/**Jt©££tt©tt#i:W:* f^7f 
—S/ a v^att^etriK i:. RtfiBfiL pH. ft 

jfct^Ho^kfcff^^^sftRjs^tya^^k 



*«tfj£^iBB©pHMiS^fc^T^T?&^ C Ml; 

Coo l 53 *y/^*KO*SlittOi«#i:«. 
K**DISiHkU3< "TSiii: ^v/^sois 

fcT?f8att*fa±*'&» «g**ifi»*T'N#J 
ffl-rs<Lfc*rartii:**. £?>»^ «3fi«Wrfcttx IMS 
•rS'fk^%i:bT^raffi{**-&A,?£fe©*fflV^S«lfc 

LTt± 13 C, i4 Ntc ^fLTl± 15 N. i60^*fLT« 17 0X« 
i80S5*'M|6tfe,nSo ?m<D*WWiClV&. 12 C 14 

COO 1 6] ^y/^*®£D?§iP1i^:|n]±^-ti: ; l>^i6tc 
yyMSJa:H©«7KttO«a£*'^A,^k^«T»* 

!^Ii:bTt±CBZ-Gln-Gly, CBZ-Gln-Gln-Gly, CBZ-Gly-Gl 
y-Gln-Gly^H^W&n^c ^1±^[P]±^-y:^fc46 

iC4<D^t^li;LTliCBZ-Gln-Gly. CBZ-Gln-Gln-Gly, C 
BZ-Gly-Gly-Gln-Gly^: E1iWfZtl&. «f»ttfcS€tt 
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L<, 3&<Dit-&mhL\^X, tKa^->75X Wis 

y, tm, ^oFc^^^vhfc^^o-gp^if^ 

COO 17] Bffi-r^ttZ/^tnt 1S757I^ 

$31— tr\ ^-r^^>/^K^<tr>*i$6T^y* 

$-artl«J:<, 0lRfi\ 7l<14^tf -e^ P H5.0~^JpH9.0 
<D$EBT\ £ t>£?3l L< ti^pH6.0~^JpH8.06DlBiaT', 
ag£]4X:~^55^C<D§i5B-e, <fcD$f$L<t±^25iC~ 

^)4or©iBHT% BMt^*ywg~ lmmsm 
h^y 7*7^*31— tf^it-rn^v^ 

&!(#fc35iJ|51li&V^ &30#~^7B, £D$?t:L< 

t±^ji»~«^20i;-r^o cosistcfev^T, ^fp-r<* 

^>A^H(T)jgSCi^lM~^40mM. m75/Sm 
^M~^)10M©|gH^St L<. ^frf^#*>^ftt 

-ecommmii, ^0nM~im00/xM<OiEBtfiI£L<, Z. 
>A*Hlmmol^ 0*50.01-^203.^ -y h (cfflMI 

-rso 

[0 0 18] *K Uth7>X^;l/^ = t- tf^ffl^ 

^ctiao, liSSTsys^-g-ty^-a-^xti^^ 
mitt % c t waste tnzo wmftRxfmgkm&mm 

tf-^ffe tUv fcWfflt U-tz 7$ -ft?<Dm&ffi SB* fc 

-t? *mm t % c t k J; i x , 7)1*3. y^m t u 
ymm<Dn?5. s>L<te-x%:Bffixzz££frt>. m 
mzy^tnvm^Bicfoux, zz-zttmrnzy 
^?n*tt&tz£ttfx%2>mM.tf3bz>o Mfc, mm 



ic&^x$y'^n%Bffit%Wi&. sr* 
mmiztit.wtz'gtmimmztizrctb, iLtmmtfm 

&<D&mciiLWt%T$./MmmmxBffi-£ri5<ti?#i 
mmmzttMLxxztem&x&Zo jmtn *?%m*n 
mmicmixmwtZo ^ ^m^mmm^mm^n 

[0 0 1 9] 

i^mmi wT©*sswfctev^T, mm tisxstreptov 

ert ic i 1 1 iumft^fc© h V >X ^ * 5 if (UTMTG 4: 

ftftcDagAtfTofco 02{cSJStD^@«r^-ro S2(D 

3?.{± 15 N^jlgtCOV>Tti, NMR^ffll^T^lffiL, ^H-N 
MRjS"J^. 1H-15N HSQCPJ^ (Bodenhausen, G. & Ruben, 
D. J. (1980) Chem. Phys. Lett. 69, 185.) 

CTff o TCo =&NMRiiJStCl±fi?ljK.{jBrukera:iaDMX-600 
7^hn^-^-%ffit\ 3!ISK»*::{4a»0^tt 

{i20mM'jy^7"hU I 7A (pH6)*ffll/\ £JfcZ&gte37r 

[0020] ^BSM i (izikil^a^ffiiaj '> 
yjc£££Mi 

Bfftt^Z * yj^%SO^Mt^&lL LTN-carboben 
zoxy-L-glutaminyl-glycine (UTCBZ-Gln-Gly tBST) 

SCiifCLTCo CBZ-Gln-Gly 2.0mM. isN^IK^'J isy 1 
0.5mM, MTG 4/z Mt&S «fc 3 {Cjg-&LT^P>157^fi(C* 

^cdi H -i5 N hsqcx^* hJizmmis. %<DmmfR£t 

- lfS^iatC«^f So x H-i5N HSQCSiJ^T« 
75 KMSfcisirtuninj s/>olfi«£i6*<JftfT bti> 

x&ffimm%:jB.Mx%z£t*7Ktc. £tfr*%rc B s 



(6) 



mm2 0 0 1-3 2 1 1.9 2 

v 1 



[002 1] *ftMM2 (S^fj'^^W^ Ngg 

^?*^>'^^Si:bT^lfll}fT;l'^'5> (serum al 
bumin. bovine, UTBSA t Hgf) %&D±tf, 15 NHifc 
^U->^{C«fc^iFifp^T-p/'c 0 BSA 2.4nlfx is»BBi^y 
127mM. MTG 32 /i 5 tciS£-U 2BF$-<y 

*a^-Mf;i, !H- 15 N HSQCS'J^lTofCo m- 15 H 

fcSg^bfcCfcfcWIbfc (04) o 

coo2 2] mum 3 (»y/<»«<Dtt«Hci:s»«te 

*SS^j2lE«OSm (UT^U^^tBSAfcBS-r) tlBSA 
©%'tt^J±i5[LfCo MTGfcgsAnbTv^ 
V^C^^O^#^|5|Ui:-r§fc4i){C, BSA2.4mM, «N 
Wlt^U S'>127«M©#*20|llKl'*.a'"<— r- bfcfc© 
Srffll^Co ^tcis^SBSAO^Iifecfc^^lltia 
V\fe&, Sfi*±tfTBSA#6*b^V^K»*ft!>tH 

[0 0 2 3] P5Sm5Ml*72 , C. lO^H-l' b 
^rctZZ. Sv^ttiRA^tJfe. cn*995fil©'J:/|* 
A-y7r- fcSSigb/'c^ 15,000rpm, 3minlC Tjs^ 
U ±jfK-DU^T280nm£DB57 1 6Je (J^TOD 280 1 Bg-T ) 

>{bBSAT-«OD 280 = 0.459 0.004, BSAT^40D 28O = 0. 
366 0.006t&D, tfV->yitiSk<D?jtfn^mm%:U 



[0024] mmm4 ■(*v**9<Dir.tmmK7ti£i- . 
mmm 2 mwto 7 u ^ ibBSA t „ BSA©3w«iiifi% Jt« 

"TSfetoK. !H-NMRX^^ h;I/£$J;£bfr (0 5 A, 
B) o ia^SSt±37°CT'fe^ 0 SIAbfcBSA (SigmattSU 

3.70ppmfC, 5feRfS©iry •>V07;V7 77 p a h^fefc 
<D fcJ— * #3 .85ppmfcl, 7j<S#© * #4 . 70ppmtcMS!l 
Sn, ^(DffcOS'^Hl'tf^y v^fbBSA (0 5 A) X 
ttBSA (05 B) lfefccD£><DT'&?>o ^*gj££#i$b 
TV^ # >/<^K»c«p«W«:0ppii5fi«fOS/^;V%tt b 

SA^S^ hS£ft*raCoTV»fcV\i bfctfoT. BSA 
[0 0 2 5] 

[0ffi©ffi¥^mB^] 

[01] ^y/^I^^sm US^SBSGMW* 

[02] ^i/^s^jss^wjs/v^flEwrsxe 

[0 3] "NWK^'J ~> > ic £ & N-£ ;V tf^ ;/ V4 1 v'-L- 

^V^r = ^>©0StBaSfc:feW-*iH-i5N HSQ 
CX^ h;l/©8l$3tft*^bfct>OT;fc3. 

[0 4] "IHWR^ U v' «fc o -r«E«i«nfeBSA©iH- 
isN HSQCT.-^^ h;l/-e36^o 

[05] (A) teBSA<DiH-NMR7.^ h;Vt?36So (B)tt 
iSNSH^ U ~> <t o T^fP^ nrcBSAcDiH-NMRT.^^ 



(7) 



^^fl 2 0 0 1 
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<&m 2 0 0 1 - 3 2 1- 1 9 2 
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[IW0] ¥figl3*6^13B (2 00 1. 6. 1 
3) 

i^mmiE i ] 

V* >-- L-<y;U£$ — ;l/-L-y;l/» ^-;b- <y U ~> > *3 J: 
RfiEfcttUHB*] 000 8 



[000 8] #^BJit± N h 5? 5 ^— tfM^S 



(11) 



Itffi 2 0 0 1 - 3 2 1 1 9 2 



3b^/aK^>vT^S/-L -yjl/» 5 - U (N-carbob 
enzoxy-L- g 1 utam iny 1 - g 1 yc i ne) (CBZ-Gln-Gly). N-A/W 

y(N-carbobenzoxy-L- glutaminyl-L-glutaminyl -glycin 
e) (CBZ-Gln-Gln-Gly\ N-t;V^y/^-> -yj 
•yp i/jV-l-lfj]/ ft jk- yj ~> > (N-carbobenzoxy-gi 
ycyl-glycyl-L-glutaminyl- glycine) (CBZ-Gly-Gly-Gln 



<ffi9lg7'J~r**]»> 

MiEJ**«B*] 0 0 2 5 

[*#IEf*ig] ' 
[0 0 2 5] 

scorns. fgp-r^MtLT^iiffi 
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